This chapter presents a relatively new approach to show how a web usability classical paradigm can benefit from quantitative data of a nonclassical approach. In the pilot stage, we used experimental eye tracking data acquired from 11 participants faced to a web page to perform three simple tasks. Results show advantages by using eye tracking data to identify and verify some usability problems of such a web page. In this chapter, some hints are presented for people interested in measuring web usability by using such an approach. However, a deeper study should be carried out in order to generalize our results toward the construction of a methodology to be followed by a web developer or interested people in such a field of research.
Introduction
Nowadays, usability is one of the key factors in the success or failure of a web project. Usability is considered a quality attribute that evaluates the accessibility, readability, navigability and ease of learning of a website or application by the user [1] . Moreover, people do not wish to learn how to use a website, and there is no manual to use a web page when a person does not find the information or products they are looking for within a website. Users should have the ability to understand how a website works immediately after viewing the website. If someone gets lost while browsing a website or has difficulty in reading the information, he or she simply tries not to use that site anymore [2] .
Typically, usability has been measured in a qualitative way, using questionnaires, focus groups, interviews, and so on, and, to a lesser extent, in a quantitative manner by measuring time to complete a task, number of errors, number of clicks, and so on [3] . The qualitative methods offer the advantage of having a direct opinion of the users, such as what they like and dislike about the page and how it could be improved, but the opinions of the users could be different from each other. In contrast, the quantitative techniques help us to assign numerical values to statements or observations, in order to study the possible relationships between variables by using statistical methods.
It is important to emphasize that we do not consider any of the techniques mentioned earlier as one "best technique." None of them solve the problem of measuring usability completely. Both approaches have their advantages and disadvantages to consider a limited number of influencing factors [4] . However, techniques that combine the strengths of both are still better and more promising as shown here.
In this chapter, the eye tracking technique was used to obtain quantitative metrics based on what users see on a web page, with the aim of adding these metrics to the traditional qualitative observations, used in the measurement of usability of web pages.
Eye tracking technology
The eye tracker is a tool that detects the users' gaze and provides an accurate representation and understanding of an individual's eye movement behavior. An eye tracker detects the two basic eye movements: saccades and fixations. A saccade is the eye movement itself which is needed to place the sight in a different place and a fixation is the period of time when the eye is practically maintained on a single location.
Using an eye tracker allows:
• To see what the user observes on the screen by detecting the user's fixations, both the left and the right eyes on the X and Y coordinates according to the size of the screen as well as duration of each fixation.
• To know the route or scanpath that the user looks at. The eye tracker also provides the saccade route, which shows the fixations made and the movement between them as shown in • To know the diameter of the pupil when making the fixations or at the moment, the user clicks the mouse on a certain position of the web page.
In this chapter, a binocular infrared S2 Eye Tracker Mirametrix Inc. was used. The eye tracker works with an accuracy of 0.5°, data rate of 60 Hz, a head movement box of 25 cm × 11 cm × 30 cm (width × height × depth); with a system setup time less than 5 min, calibration time less than 30 s; and a suggested screen size of 15″-22″ monitor, with capacity of blink tracking recovery, fast time to track recovery, weight of 1 lb, eye tracking technique of bright pupil; and low-power computers.
Related work
Some of the most representative research works that have used eye tracking data to solve usability problems in web pages are presented here. The Centre for Human Computer Interaction Design of the City University of London [5] acquired experimental data by using a Tobii ×50 eye tracker. An ocular follow-up was performed while participants were doing tasks within two web pages. They found sequences of patterns of ocular tracking correlated with the sequences of patterns of usability problems, which are already known.
Similarly, a website for the American Society of Clinical Oncology (ASCO) was proposed, designed and evaluated with an eye tracking methodology [6] . Participants were asked to complete certain tasks, both in an old design of the page and in the new design. The paper describes how eye tracking helped to diagnose errors and identify the best of both designs.
Djamasbi et al. [7] conducted a study where they examined possible gender differences in web preference with the help of an eye tracker. Several studies show that both men and women have different esthetic preferences, for example, men prefer using darker colors, such as black and blue, while women prefer lighter colors. These preferences not only apply in colors but also in the website distribution of images and information. According to the previous studies, two hypotheses were presented: H1-participating women will notice more sections that have images of people more than men and H2-female participants will notice sections with a light-colored background more than men. The results did not show any significant difference between genders with respect to the number of times they were fixed in the sections of the web page. The results of the fixation analysis did not show significant differences between men and women with respect to sections with different background colors. Although the results did not support the hypotheses, the analyses yielded other data on the web page banners, suggesting that men and women can also ignore banner-type objects, regardless of whether these objects are designed considering their preferences.
Szymanski et al. [8] presented a method for evaluating web usability by combining kinetic gestures and eye tracking applications. All this was done by performing three tasks in an application that aims to deliver a list to users of all stores, restaurants and other places within a mall. The tasks performed were to find certain stores in a specific point in the commercial mall.
In the paper presented by Russell et al., at the annual British Human Computer Interaction Conference [9] , it shows a study to discover the answer to two design issues both in online documents and on web pages. Research questions were: what is the best font size to read online? and what kind of source font is best for reading online? Serif or Sans Serif? The experiment was carried out with employees of a computer company, using an eye tracking device. Participants were given instructions to read and retain several texts with different sizes and types of source fonts, followed by answering three multiple-choice questions per text. Results show that larger fonts have a slight but not significant advantage in reading speed over small fonts. Results on the type of source between Serif and Sans Serif do not show significant differences in ocular follow-up and retention of texts.
Understanding the age-related differences in website navigation is instructive for website design, especially given by the growing number of older people using the Internet. Romano Bergstrom et al. [10] present the usability and data tracking of five independent usability studies of a website that included young and old participants. The results revealed age-dependent differences in movement and eye functioning during website navigation in some of the sections. In particular, in one study, older participants were less precise, and in two studies, they took longer time to complete tasks compared to younger participants. In two studies, they observed the central part of the screen more frequently than younger participants and also observed the peripheral left side of the screen less frequently. Also, they took more time to cast first look at the peripheral top of the screen than the younger participants in the study. These results highlight the potential of age-related differences in performance while browsing websites and provide motivation for further exploration.
Tag-clouds are a compact list of keywords used in the web page interface, which allow users to browse and navigate through various documents or sections of those pages. In the article written by Montero et al. [11] , a study was conducted to investigate the usability of tag-clouds.
The experiment was performed in 17 participants, 6 women and 11 men aged between 29 and 49 years. Tasks asked to participants were divided into stages. First was a semantic search, where subjects were asked to search and click on a concept related to a certain topic, such as
Christianity, where the expected target was the tag religion. The second stage consisted of a syntactic search, in which participants were asked to search and click on a tag that answered a certain question that was asked, such as searching for the name of the best-known operating system in the market, where the expected answer was windows. The results showed that both the size and the shape of the tag have a clear influence on the visual exploration of the users. They also showed results on the alphabetical order of the tags, which do not imply an improvement in terms of efficiency at the time of the location of the tags.
Most of the works reported here try to solve completely the usability problems either by using only eye tracking data or by a qualitative approach. In general, they only solve some aspects. We are convinced that by combining the best of both approaches (qualitative and quantitative) in usability measurements, results should be better. For this reason, this chapter proposes a combined approach of both.
Experimental approach
In order to study and get some data, we designed an experiment to face people to a simple task on a web page. The web page Registro Único de Productos de Investigacion (RUPI) of the Universidad Autónoma de Ciudad Juárez (UACJ) was used as it is shown in Figure 2 . During the experiment, participants were asked to fill forms with informational data provided to them beforehand. An eye tracker was used to get data from the user's gaze while conducting the experiment.
Participants
A total of nine full-time and two half-time professors of the Universidad Autonóma de Ciudad Juarez participated in the experiment. They were four women and seven men, aged between 28 and 43 years, and all of them are from the Electrical Engineering and Computer Science Department. All participants had normal or corrected-to-normal visual acuity and had no known neurological disorders. They were naive with respect to the purpose of the study, and they gave written consent before the experiment. Artificial
Apparatus
Eye movements were recorded by using a remote binocular infrared S2 Eye Tracker, Mirametrix Inc., as mentioned in Section 2. The eye tracking system was used in the pupil corneal reflection tracking mode sampling at 60 Hz and 0.5-1 of accuracy. We ran our experiment by using the Viewer Software provided by the eye tracker manufacturer. Due to the fact that the eye tracker generates a special record of eye position and synchronization events, we had to perform a preprocessing stage in order to adequate this output to a more accessible format for our further analysis. A recording of both eyes' movements was done during the experiment; however, we are only concerned with the analysis of movement data of a single eye.
Training before the testing phase
Before starting the experiment, participants were trained on the tasks they would perform with an example of information to be managed during the testing phase. This step was done in an intuitive way without using the stimulus page of the real experiment. Additionally, some extra indications were given to the participants. Firstly, they were informed about the possibility to enter fictitious data but as similar as possible to real data only if they did not remember the precise information and secondly, the experiment could be interrupted at any time if they could not find the section where the information should be entered or whether they might feel lost within the website.
Calibration
The participants were asked to sit in front of the PC monitor at approximately 65 cm. Then, a screen with calibration points was presented as shown in Figure 3 . The participants should look at each of these calibration points. Subsequently, the percentage of calibration error is displayed on the screen. It is noteworthy that the percentage average error was considered acceptable if it was less than 20%. Figure 3 shows an example of calibration result considered not acceptable (average error: 35.1 > 20%) for our study purposes.
Experiment
After the training and calibration were completed, the participants were instructed to start the experimental session, in which they should complete the requested task. The initial screen was the home page of RUPI, where the participants had to find the section to enter the information that was given beforehand. The session ended when the participant pressed the button to save their data.
End of session
Once the session was finished, the participants were given a short survey about their experience with the website. This survey had questions concerning the graphical user interface and navigation on the page. They were also asked for any kind of help for future users of the website. Participants were also informed about the purpose of the experiment, and they had the opportunity to ask any question about our research project. Figure 4 shows all the phases that were performed during the experimental session. Phases that are inside the dotted line are repeated three times for each task performed by the participant.
Data analysis
The main idea was to find usability problems by looking for regions or areas on the RUPI web page where participants made a lot of fixations. Our hypothesis was that if participants made a lot of fixation somewhere, this may be an indication of such a region which should be analyzed because people found it as being not clear or similar.
In this section, some statistics were computed from the experimental data. These computations are shown in 
Statistics
Eqs. (1)- (3) were used to compute the elapsed time and total number of fixations in each task performed by participants and a ratio between such number of fixations and the elapsed time, respectively.
where Time T j is the elapsed time (s) in each task performed by each participant, (3) giving the amount of fixations made for each participant per time unit. In other words, this variable is an indicator of "reading" speed.
Average time of the participants in completing the tasks
The average time to complete the first task for all participants was of 157.38 s (σ = 55.77), and for the second task, it was 237.00 s (σ = 144.68) and the average of the third task was 132.17 s (σ =72.50).
It is important to mention that only two participants performed one task. For statistics computation, their data were aggregated to the other participants who did three tasks, so they were assigned as participant ID 10 and 11, respectively. Additionally, Figure 5 shows the number of fixations made in each task by participant, and the time of each participant in performing the three tasks was also computed and it is shown in Figure 6 .
Scanpaths and selection of regions of interest
By using the geometric coordinates (x, y) and duration of the fixations, it is possible to draw the saccadic route of a participant in the web page. This saccadic route is known as scanpath. Once all the scanpaths of all participants were plotted, several regions of interest (ROIs) were selected by focusing for those with a high density of fixations. Artificial Intelligence -Emerging Trends and Applicationsright menu to enter the data on the right section (ROI 2 ), since those areas were the two with the highest fixation density as we can notice in such a figure. Now, the qualitative data obtained from participants and how they could relate to the previous quantitative data are mentioned.
Qualitative data
After the experimental session, participants were asked to answer a 10-question short survey. This survey was intended in general to have information about the level of familiarization between the participant and RUPI web page, to know their experience during the experiment, to give their opinion about the graphical design of RUPI web page, and so on.
From the data obtained from the participant's survey (qualitative tests), the main results are described as follows:
• Most of the participants (8 of 11) have already once used the RUPI web page
• A total of 54.54% of the participants mentioned that the website's help section (ROI 1 ) to enter the data is not bad, and the other 45.4% mentioned that it is bad. This situation confirms our initial hypothesis that the website's help section is not clear, or it is not flashy
• A total of 45.45% of the participants had regular experience in finding the option to enter the information of the tasks, while 36.36% had bad experience. Only one participant could not enter the data and gave indications to end the session. It is important to mention that none of the participants entered the data in the corresponding section, since the RUPI web page is not well designed (ROI 2 ). For example, any information of a section can be entered in a different section. 
Analysis of participants' behavior
In the ROI 2 located to the right of the web page, most of the participant fixations were observed when performing the very first task. Participants were concentrated in the menu area to enter Artificial Intelligence -Emerging Trends and Applications 328 the options they were asked. Clearly, participants move a lot throughout the designated area as it is shown in Figure 7 . This can give an indication that users get lost in the menu when trying to complete the first task.
Another point to mention is that there are very few fixations in the help area (ROI 1 ) of the website, giving way to understand several situations: (1) either this area was ignored often by users because it is not very flashy or (2) users who have already used the web page know that this section does not have clear information about the subsections and the data that should be entered in each one. This last assumption can be reinforced with the qualitative tests applied to the participants, since 54.54% of the participants mentioned that the website's help section to enter the data was not bad, and the other 45.45% mentioned that it was bad.
Redesigning and testing
Based on previous results and to test and confirm our findings quickly, simple modifications to the RUPI web page were proposed. Modifications to the visual and functional design were made. The scanpaths of participants testing our new design are shown in Figure 8 . Here, fixations were better distributed among the different areas of the web page as it was expected. Moreover, 60% of participants rated the help section as good and 40% as regular. A total of 60% of participants entered the data successfully and 80% mentioned that they had not experienced any problem with the web page content. Finally, 60% of participants made plausible the fact that the new design has elements to allow users to go forward and go back while browsing.
Conclusions
In this chapter, a relatively new way of measuring usability by trying to combine the qualitative and quantitative techniques is proposed. Analysis of results showed how both techniques can be complemented. For example, an ROI where participants' rate was poor or marked as not helpful was areas of help. On the other hand, most of the works that try to solve usability problems by using the eye tracking technique generally do not focus on the qualitative part, as it could be seen in the state of the art, that is, qualitative measurement is not considered. More particularly, we have explored how the visual behavior of users can be combined with qualitative measurements to solve usability problems of the RUPI website. However, due to the complexity of human behavior and their reaction to a problem (in a web page) as well as the complexity of the required research, it is necessary to study this subject in more depth.
